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[57) ABSTRACT

In the present invention, a method for compacting two
modules on a planar field is disclosed. Each of the mod-
ules has an edge which is closest to the other module
and are positioned, if extended, to intersect with one
another. Each of the edges is characterized by two end
points. The method comprises determining if the edges
intersect by divergence or by convergence. A con-
straint between one of the end points of one edge and
one of the end points of the other edge is then calcu-
lated. The modules are then moved in a direction until
the corrdinates of one of the end points of one edge and
one of the end points of the other edge are separated by
no less than the calculated constraint.

10 Claims, 1 Drawing Sheet
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METHOD OF POSITIONING TWO MODULES
HAVING ANGLED EDGES

TECHNICAL FIELD

The present invention relates to a method of position-
ing two modules on a planar field defined by a rectilin-
ear coordinate system with each of the modules having
an edge which is closest to the other module, and with
the two edges positioned, not necessarily parallel to one
of the axis of the coordinate system. More particularly,
the present invention relates to a machine process for
compacting these two moduies with a minimum number
of calculations.

BACKGROUND OF THE INVENTION

Machine processes for compacting or positioning
- modules which are representative of semiconductor
integrated circuits are well-known in the art. However,
heretofore, such processes, typically known as compac-
tors, have utilized a computer with a stored program to
operate on modules which are rectangularly shaped and
positioned in a rectilinear coordinate system, such as a
Cartesian coordinate system, and with the edges of the
modules parallel to the axis of the coordinate system.
Heretofore, compaction of modules having edges that
are not necessarily parallel to the axis of the rectilinear
coordinate system, in which the modules are mapped,
has not been done.

SUMMARY OF THE INVENTION

In the present invention, a method of positioning two
modules on a planar field, in a rectilinear coordinate
system, is disclosed. Each of the modules has an edge
which is closest to the other module and the edges are
positioned, not necessartly parallel to the axis of the
coordinate system. Each edge is characterized by two
‘end points. Each of the end points lies in a coordinate
system with the end points having the following coordi-
nates: Ej(X1,Y1), EaX2Y32), E3(X3Y3), Ea(X4,Ys),
where E1 and Ej are the end points of one of the edges
and E3 and E4 are the end points of the other edge. The
- end points are further characterized by the edge E3-E4
being to one side of the edge E-E; in the increasing X
direction, Y; >Y3, and Y3 >Y4. The modules are
moved 1n the X direction to one another. Further, the
modules are prohibited from being separated by a dis-
tance less than a certain minimum distance S from one
another at their closest points of separation. The
method of the present invention comprises the steps of
determining if the edges, if extended, intersect by diver-
gence or convergence. A constraint between one of the
end points of one edge and one of the end points of the
other edge is then calculated, as a function of S. Finally,
the modules are moved in the X direction until the X
coordinates of one of the end points of one of the edges
and one of the end points of the other edge are sepa-
rated by no less than the calculated constraint.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of the geometric shape of two
modules lying in a planar field with each of the modules
having an edge which is closest to the other module.

FIGS. 2a-2c¢ are graphic views of some of the various
possible relationships between the two edges of the
modules which are closest to one another.
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2

FI1G. 3 is a graphic view of the constraint of moving
a point to an edge. |

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring to FIG. 1, there i1s shown a plan view of a
first module 10 and a second module 12 used in the
method of the present invention. The first module 10 is
characterized by having an edge defined by two end
points (E1 and E3) with the edge E1 - E3 closest to the
second module 12. The second module 12 1s also char-
acterized by having an edge defined by the end points
E3and E4 with the two end points E3 and E4 defining an
edge E3 - E4 which is closest to the first module 10. The
edges E1 - E2> and E3 - E4 are positioned, if extended, to
intersect one another.

The end points E1, E2, E3 and E4 are defined in a
rectilinear coordinate system, such as a Cartesian coor-
dinate system, and have the following coordinates:
Ei(X1,Y1), E2(X2,Y2), E3(X3,Y3) and E4(X4,Ys). This
can be seen in FIGS. 2a-2¢. Further, the end points are
characterized by the edge E3 - E4 being to one side of
the edge E1 - Ej, in the increasing X direction. In short,
as seen in FIG. 2a-2¢, the edge Ej3 - E4is to the right of
the edge Ej - E;. Finally, Y| >Y9, and Y3 >Y4. Here,
in accordance with FIGS. 2a-2¢, Ej is above Ej, and
E3 1s above E4. It should be noted that the terms
“above”, “right” and other spatial relationship terms as
used hereinabove, and hereinafter, are only with refer-
ence to the drawings and do not limit in any way the
scope of the invention.

In the method of the present invention, the first and
second modules 10 and 12 are generally representative
of integrated circuits on a planar field. The method of
the present invention comprises moving the first and
second modules 10 and 12, respectively, in the X direc-
tion until the modules 10 and 12 can be as close as possi-
ble. In the example of the modules 10 and 12 being
representative of semiconductor integrated circuits,
there is a minimum constraint, caused by the design
rules or the fabrication technology limitations, such that
the modules cannot be separated by a distance less than
a certain minimum distance designated as S. To com-
pact the modules as close to one another as possible, the
modules must be moved such that the distance of sepa-
ration between the modules at their closest points of
separation 1s S.

In the method of the present invention, the process
begins by determining if the edges E; - E; and E3 - E4
intersect by divergence or by convergence. Thereafter,
the constraint between one of the end points of one of
the edges and one of the end points of the other edge is
calculated. Finally, the modules 10 and 12 are moved in
the X direction until the X coordinates of one of the end
points of one of the edges and one of the end points of
the other edge are separated by no less than the calcu-
lated constraint.

To determine if the edges E1 - Es and E3 - Esintersect
by divergence or by convergence, the following calcu-
lation is made: If X3 =X and X3 =X4, then the edges
are said to intersect by convergence. That is, the edges
are positioned as shown in FIG. 2a where the “lower”
end points, 1.€., E; and E4, if extended, would eventually
intersect. Here, again, the definition of “lower” is only
in the context of FIG. 2 and 1s in no way intended to
limit the scope of the invention. |

If the edges E; - E> and Ej3 - E4 intersect by conver-
gence, there are two possibilities. The point of minimum
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separation of modules 10 and 12 will either be from Ej
to the edge Ej3 - E4, or it will be from the edge E; - E»
to the point E4. If Y2 > Y4, i.e. Ea 1s above Eq4, then the
coordinates of Ej, i.e., (X2,Y2) are chosen as (Ptx, Pty)
and (X3,Y3) are chosen as the coordinates for (Tx, Ty)
and the coordinates (X4,Y4) are chosen as the coordi-

nates for (Bx, By) in the constraint calculation step.

Otherwise, if the edges E1 - Ez and E3 - Esintersect by
convergence, butif Y, =Y, i.e. E2is not above E4, then
(X4, Y4) are chosen as the coordinates for (Ptx, Pty) and
the coordinates (X1,Y1) are chosen as the coordinates
for (Tx, Ty) and the coordinates (X3,Y>) are chosen as
the coordinates for (Bx, By) in the constraint calcula-
tion step. *

If X7 X5 and X34 =X, t.e. FIG. 2¢, then the edges
E1 - E; and E;3 - E4 are said to intersect by divergence.
That 1s, if the lines E1 - E;, and E;3 - E4 are extended in
the direction of E1 and E3, eventually those lines would
intersect. Thus, the upper points E; and Ej3, if extended
further along E; - E; and E3 - E4, would eventually
intersect. Here, again, the notation of “upper” is meant
only as a direction in reference to FIG. 2 and does not
in any way limit the invention.

If the edges E; - E; and E3 - E4 intersect by diver-
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gence, then there are also two possibilities. The point of 25

minimum separation of modules 10 and 12 will either be
from Ej to the edge E3 - E4 or it will be from the edge
E1 - Ej to the point E3. If Y1 > Y3, then the coordinates
(X3,Y3) are chosen as the coordinates of (Ptx, Pty) and

the coordinates (X1,Y 1) are chosen as the coordinates of 30

(Tx, Ty), and the coordinates (X2,Y>) are chosen as the
coordinates of (Bx, By) in the constraint calculation
step.

Otherwise, if the lines E; - E; and Es - E4 intersect by
divergence but if Y1 =Y3, the coordinates (X1,Y1) are
chosen as the coordinates of (Ptx, Pty) and the coordi-
nates (X3,Y3) are chosen as the coordinates of (Tx, Ty),
and the coordinates (X4, Y4) are chosen as the coordi-
nates of (Bx, By) in the constraint calculation step.

Finally, if the relationship of X, X3, X3 and X4 are
not found as previously stated, i.e. FIG. 2b, then the
slopes of the lines E - E; and E3 - E4are calculated. M1
is designated as the calculated slope of line E; - E; and
M3 1s the calculated slope of line Ej3 - E4. Slope is de-
fined as dx/dy, instead of the usual definition of slope,
which is dy/dx.

If M; >M;, the edges are said to intersect by diver-
gence. In that event, however, the calculation of the
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constraint between E3(X3,Y3) and the line E; - Es is

calculated as a first constraint and the constraint be-
tween the point E1(X1,Y1) to the line E3 - E4 is calcu-
lated as the second constraint. Here, again, similar to the
discussions heretofore, if E3to E1 - E; constraint is to be
calculated, then the coordinates (X3,Y3) are chosen as
the coordinates (Ptx, Pty) and the coordinates (X1,Y1)
are chosen as the coordinates (Tx, Ty) and the coordi-
nates (X3,Y2) are chosen as the coordinates of (Bx,By)
in the constraint calculation step for calculating the first
constraint. For calculating the second constraint, the
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coordinates (X1,Y1) are chosen as the coordinates of 60

(Ptx, Pty) and the coordinates (X3,Y3) are chosen as the
coordinates of (Tx, Ty), and the coordinates (X4,Y4) are
chosen as the coordinates of (Bx, By).

If, however, My =M, the edges E; - E; and E3- E4
are said to intersect by convergence. The point E; and
the edges Ej3 - E4are chosen in the constraint calculation
step to calculate a first constraint and the point E4 to the
edge E1 - Ezis chosen in the constraint calculation step
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to calculate the second constraint. In the calculation of
the first constraint, the coordinates (X2, Y3) are chosen
as the coordinates of (Ptx, Pty) and the coordinates
(X3,Y3) are chosen as the coordinates of (Tx, Ty) and
the coordinates (X4,Y4) are chosen as the coordinates of
(Bx, By) in the constraint calculation step. For calcula-
tion of the second constraint, the coordinates of (X4,Y4)
are chosen as the coordinates of (Ptx,Pty) and the coor-
dinates (X1,Y1) are chosen as the coordinates of (Tx,
Ty), and the coordinates (X3,Y>) are chosen as the coor-
dinates of (Bx, By) in the constraint calculation step.

In the event the third case is chosen, i.e., where two
constraints are to be calculated, the first and second
constraints are calculated and, thereafter, the larger
constraint 1s selected and is used in the moving step.

Referring to FIG. 3, there is shown graphically a
point having the coordinates (Ptx, Pty) and an edge, one
end of which has the coordinates (Tx, Ty) and the other
edge has teh coordinates (Bx, By).

The constraint, D, between the points (Ptx, Pty) and
the edge having the coordinates (Tx, Ty) and (Bx, By),
1s calculated to be minus infinity, or no constraint, if Pty
1s less than or equal to By —S. This would be the case
where the point (Ptx, Pty) lies “below” the coordinates
of the lowermost end point having the coordinates (Bx,
By) with the minimum distance S separation required.
Thus, the constraint is said to be non-existent and the
point (Ptx, Pty) may be anywhere in relationship to the
line (Tx, Ty)-—(Bx, By).

If the coordinate of Pty satisfies the following;:

Pty=By—S, then there is no constraint.

If the coordinate of Pty satisties the following:

Pty < By=£=5*dx/m,

where + 1s used if (Ptx,Pty) is to the left of the line E
- E», and - 1s used if (Ptx,Pty) is to the right of the line
E3 - E4, then the constraint D is calculated as

N 52 — (Py — By)?

If Pty=TyxS*dx/m, where + is used if (Ptx,Pty) is
to the left of the line E3 - E4 and - is used if (Ptx,Pty) is
to the right of the line E; - Ej, then D 1s calculated as

D

D=(S*m=dx*(Pty—By))/dy

If Pty<Ty+S, then the constraint D is calculated as

N 52 — (Pry — Ty)? =+ dx

where + is used if (Ptx,Pty) is to the left of the line E;
- Esand - 1s used if (Ptx,Pty) is to the right of the line E;
- En.

Finally, the constraint D is chosen to be again as
minus infinity if Pty=Ty+S.

In all of the foregoing, D is the constraint; dx is
Tx—Bx; dy is Ty—By; and m is

D

= \Idxz-i-dyz

Once the constraint D is calculated, the modules 10
and 12 are moved in the X direction to one another until
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Ptx=Bx—-D if Ptx<Bx,
Ptx> Bx.

In a preferred embodiment, the method of the present
invention is practiced by a machine process using a
computer with a stored program. A copy of a computer
program running on the Apollo DN660 computer 1s
attached herewith as Exhibit A.

It should be noted that there are many advantages to
the method of the present invention. First and foremost
is that as semiconductor integrated circuits are reduced
in size, it becomes crucial to use every part of the silicon
wafer or silicon die. Thus, semiconductor integrated
circuits need not be constrained to lie on a rectangular-
ly-shaped module. Instead, the designer must have free-
dom to choose the shape of the module in which the !
integrated circuits will lie. This raises the problem of
compacting modules which are not rectangularly-
shaped. The method of the present invention is a solu-
tion to the foregoing problem.

Further, it should be noted that, in the method of the
present invention, by simply noting whether or not the
edges of the two modules 10 and 12 diverge or con-
verge, and the relationship of the end points of the
edges to one another, for two of the three cases, only
one constraint calculation is needed. For the third case,
only two constraints are calculated and compared. By
simply noting the divergence or convergence of the
edges E; - E;and E3 - E4, and the relative position of the
end points, much of the calculation for the constraints
can be easily made.

Of course, the coordinates of X and Y can be inter-
changed and the invention can be practiced in the same
manner as well.

What is claimed 1s:

1. A method of positioning two modules in a planar
field, each of said modules having an edge which is
closest to the other module and each edge 1s character-
ized by two endpoints, said endpoints lie in a rectilinear
coordinate system having the following ceordintes E1
(x1,¥1), E2 (x2,y2), E3 (x3,y3), E4 (%4,y4), where E; and
E» are the end points of one edge and E3 and E4 are the
endpoints of the other edge, said endpoints character-
1zed by the edge E3 - E4being to one side of the edge E;
- B, in the increasing x direction, y1>y2and y3>ysand
with the two edges positioned, not necessarily parallel
- to one of the axis of the coordinate system, said method
including the step of moving said modules in the x di-
rection to one another, and further wherein the modules
cannot be separated by a distance less than a minimum
distance, S, from one another, at their closest points of
separation, said method comprising the steps of:

determining if the edges, if extended, intersect by

divergence or by convergence;

calculating a constraint between one of said end-

points of one edge and one of the endpoints of the
other edge, as a function of S; and

moving said modules in said x direction until the x

coordinates of one of said endpoints of one edge
and one of the endpoints of the other edge are
separated by no less than said calculated constraint.

2. The method of claim 1 wherein said determining
step further comprises the steps of:

(a) determining if Xx2=x1 and x3=Xx4, then said edges

intersect by convergence and

(1) if y2 >ya choosing (x3,y2) as (Ptx,Pty) and
(x3,y3) as (Tx,Ty) and (x4,y4) as (Bx,By) in the
constraint calculation step;

or until Ptx=Bx4+D if
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(i) if ya=y2 choosing (x4,y4) as (Ptx, Pty) and
(x1,y1) as (Tx,Ty) and (x2,y2) as (Bx,By) in the
constraint calculation step;

(b) determining 1if x1 =X and x4=x3, then said edges
intersect by divergence and

(1) if y1>y3choosing (x3,y3) as (Ptx,Pty) and (X1,y1)
as (Tx, Ty) and (x3,y2) as (Bx,By) in the con-
straint calculation step;

(1) if y3=y;1 choosing (x1,y1) as (Ptx,Pty) and
(x3,y3) as (Tx,Ty) and (x4,y4) as (Bx,By) in the
constraint calculation step; and

(¢) determining if the relationship of xi, X2, X3 and x4
are not found in steps (a) or (b), then calculating the
slopes of the lines E1-E; and E3-E4 where m; is the
slope of line Ei-E> and mj is the slope of Es3-Ea4,
where slope 1s dx/dy, then if

(1) ma <mjy, said edges intersect by divergence and
choosing (x3,y3) as (Ptx,Pty) and (x1,y1) as
(Tx,Ty) and (x3,y2) as (Bx,By) in the constraint
calculation step to calculate a first constraint;
choosing (x1,y1) as (Ptx,Pty) and (x3,y3) as
(Tx,Ty) and (x4,y4) as (Bx,By) in the constraint
calculation step to calculate a second constraint;
and

(1) my=m;, said edges intersect by convergence
and choosing (x3,y2) as (Ptx,Pty) and (x3,y3) as
(Tx, Ty) and x4,y4) as (Bx,By) in the constraint
calculation step to calculate a first constraint;
choosing (x4,y4) as (Ptx,Pty) and (x1,y1) as
(Tx,Ty) and (x3,y2) as (Bx,By) in the constraint
calculation step to calculate a second constraint;

where Ptx, Pty, Bx, By, Tx, and Ty are coordinate
values.

3. The method of claim 2 further comprising the step

of

comparing said first constraint to said second con-
straint (in the event step 2(¢) 1s chosen) and select-
ing the larger number as the constraint; after said
calculating step and prior to said moving step.

4. The method of claim 3 wherein said calculating

step comprises:.

(a) choosing d=minus infinity or no constraint, if

Pty=By-—S;

(b) choosing

N's2 — ey — Byy?

if Pty <By==8S*dx/m where <+ 1s used if (Ptx,Pty)
is to the left of the line E1 - Ej, and — is used 1if
(Ptx,Pty) is to the right of the line Ej3 - Ey4;

(c) choosing d =(S*m=+dx*(Pty—By))/dy if Pty=
TyxS*dx/m where + is used if (Ptx,Pty) is to the
left of the line E;3 - E4, and — i1s used if (Ptx,Pty) is
to the right of the line E; - Ej;

(d) choosing

d =

=N's2 — Py — Ty? = dx

if Pty < Ty+ S where + is used if (Ptx,Pty) is to the
right of the line Ej - E4, and — 1s used if (Ptx,Pty)
1s to the left of the line E - Ej; or

(e) choosing d=minus infinity, or no constraint, if
Pty=Ty+3S; where d is the constraint,
dx=Tx—Bx,
dy=Ty—-—By, and
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m=\ldx2+dy2 .

5. The method of claim 4 wherein said moving step
comprises:

moving said modules in the x direction to one another

until,

Ptx<Bx—-d if Ptx<Bx, or

Pix=Bx--d if Ptx> Bx.

6. In a machine process for compacting two modules,
representative of integrated circuits, on a planar field,
each of said modules having an edge which is closest to
the other module and each edge is characterized by two
endpoints, said endpoints lie in a rectilinear coordinate
system having the following coordinates Ei (x1,y1), E2
(x2,¥2), E3 (x3,¥3), E4 (X4,y4), where E; and E; are the
endpoints of one of said edges, and E3 and E4 are the
endpoints of the other edge, said endpoints character-
1zed by the edge E3 - E4being to one side of the edge E;
- E» 1n the increasing x direction, y1>y2 and y3>y4and
wherein said edges are positioned, not necessarily paral-
lel to one of the axis of the coordinate system, said
machine process utilizing a computer with a stored
program for moving said modules in the x direction to
one another, further wherein the modules cannot be
separated by a distance less than a minimum distance, S,
from one another, at their closest points of separation,
sald method comprising the steps of:

determining if the edges, if extended, intersect by

divergence or by convergence;

calculating the constraint between one of said end-

points of one edge and one of the endpoints of the

other edge, as a function of S; and

moving said modules in said x direction until the x

coordinates of one of said endpoints of one edge

and one of the endpoints of the other edge are
separated by no less than said constraint.

7. The method of claim 6 wherein said determining
step further comprises the steps of:

(a) determining if x2=x1 and x3=x4, then said edges

intersect by convergence and |

(1) if y2 > yachoosing (x32,y2) as (Ptx,Pty) and (x3,v3)
as (I'x,Ty) and (x4,y4) as (Bx,By) in the con-
straint calculation step;

(1) if ya=ys choosing (xs3,y4) as (Ptx,Pty) and
(x1,¥1) as (Tx,Ty) and (x2,y2) as (Bx,By) in the
constraint calculation step;

(b) determining if x; =x; and x4=x3, then said edges

intersect by divergence and

(1) if y1>y3 choosing (x3,y3) as (Ptx,Pty) and (x1,y1)
as (Tx,Ty) and (x2,y2) as (Bx,By) in the con-
straint calculation step;

(1) if y3=y; choosing (x1,y1) as (Ptx,Pty) and
(x3,¥3) as (Tx,Ty) and (x4,y4) as (Bx,By) in the
constraint calculation step; and

(c) determining if the relationship of xi, X3, x3 and x4

are not found in steps (a) or (b), then calculating the

slopes of the lines E1-E; and E3-E4 where my is the
slope of line E{-E; and my is the slope of E3-Eg,
where slope 1s dx/dy, then if
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(1) mz2<myj, said edges intersect by divergence and
choosing (x3,y3) as (Ptx,Pty) and (x1,y1) as
(1x,Ty) and (x7,y2) as (Bx,By) in the constraint
calculation step to calculate a first constraint;
choosing (x1,y1) as (Ptx,Pty) and (x3,y3) as
(Tx,Ty) and (x4,y4) as (Bx,By) in the constraint
calculation step to calculate a second constraint;
and

(11) my =m;y, said edges intersect by convergence
and choosing (x2,y2) as (Ptx,Pty) and (x3,y3) as
(Tx,Ty) and (x4,y4) as (Bx,By) in the constraint
calculation step to calculate a first constraint;
choosing (x1,y4) as (Ptx,Pty) and (x1,y1) as
(Tx,Ty) and (x3,y2) as (Bx,By) in the constraint
calculation step to calculate a second constraint;

where Ptx, Pty, Bx, By, Tx and Ty are coordinate val-
ues.
8. The method of claim 7 further comprising the step
of
comparing said first constraint to said second con-
straint (in the event step 2(c) 1s chosen) and select-
ing the larger number as the constraint; after said
calculating step and prior to said moving step.
9. The method of claim 8 wherein said calculating
step comprises:
(a) choosing d=minus infinity, or no constraint, if
Pty=By--S;
(b) choosing

d =N 52— (Py — By
if Pty <ByX=S*dx/m where 4 is used if (Ptx,Pty)
is to the left of the line E; - Ej, and — is used if
(Ptx,Pty) is to the right of the line E3 -~ E4;

(¢) choosing d=(S*m=*dx*(Pty—By))/dy if Pty=
Ty+S*dx/m where + 1s used if (Ptx,Pty) is to the
left of the line E3 - E4, and — is used if (Ptx,Pty) is
to the right of the line E; - E;

(d) choosing

d=\NS2— (Py — Tyt =+ dx
if Pty <Ty+S where + 1s used if (Ptx,Pty) is to the
right of the line E;3 - E4, and — is used if (Ptx,Pty)
is to the left of the line E; - E»; or

(e) choosing d=minus infinity, or no constraint, if
Pty=Ty+S; where d is the consfraint,
dx="Tx - Bx,
dy=Ty—By, and

m = \Idxz-I-dyz ,

10. The method of claim 9 wherein said moving step
comprises: |
moving said modules in the x direction to one another
until,
Ptx=Bx—d if Ptx<Bx, or
Ptx=Bx-4d if Ptx> Bx.

* X ¥ % %
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